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(54) Hydrophilic polysiloxane compositions 

(57) The instant invention provides a method for 
improving the miscibility of the lower molecular weight 
unsaturated siloxane - polyether copolymers with the a, 
co-divinylpolysiloxanes without loss of storage stability, 
or delay of cure at the vulcanization temperature, or loss 
of permanent hydrophilicity or other desirable features 
of the cured polysiloxane. The compositions of the 
present invention comprise one or more a, oo-divinyl- 
polysiloxanes, unsaturated polysiloxane - polyether 
copolymers having from 2 to 5 silicon atoms per mole- 
cule which are preferably trisiloxanes, and a compatibi- 
lizing additive. The permanently hydrophilic, rapidly 
wettable polysiloxane compositions yield static water 
contact angles < 50° dynamic advancing contact angles 
of less than about 100. 
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Description 

FIELD OF THE INVENTION 

Thisitwentionrelatestopolyo^^ 
rials whose surfaces are hydrophilic. 

nFRHRIPTlON OF THE PRIOR ART 

The terms "silicone rubber", "silicone gel" and "silicone elastomer" generally are used to describe elastic materials 

been madf o "Luce hydroxy into crosslinked polysiloxane composes. Fo» ^ *• ' ^^nd 
20 stoane ^ 

rSP0 21 ITwTtS e LdWvi L th£ wetlab ity following disinfection and/or aqueous washing. The loss. 
SS^SS^nXS; water contad angle, can be qurte severe w«h hydrolyzable 
U S " Pattnl ^N^ 657 959 (Column 4, lines 4 - 8) acknowledges the dimunition of hydrophihcrty upon prolonged contact 

^TESTS' 5 122 392 discloses nonhydrolyzable polysiloxane - polyether copolymers in which the po.ysi- 
S^rTcfoSSS Polysiloxane - polyether copolymers bearing terminal methacrylate groups impart durable 

eiicKy and/« adnesion. ma reactions do not .sail in the formation ol Si-C bonds between the matnx or substrate ana 
^^eSTs^oSSUane colons with hydrophMy ia intend by no** sodee* 

4B ers too Sxan - polyether copolymers) which contain unsaturated functionalit.es and wh,ch are free of noUemeM 

50 M taf^M Tie most rapW spreading of water and wetting of the cured polys.loxane surface. 

SI [MMARY OF THE INVENTION 

The instant invention provides a method for improving the miscibility of the lower molecular weight unsaturated 
55 siloxane Sl« copolymers w«h the a.c^iviny.poly«loxanes without loss of storage stab.lity. or delay o cure at ihe 
vuSzatbnte^eraL or loss of permanent hydrophilicrty or other desirable features of the cured P**™ ™> 
SSm of ihe present invention comprise one or more a.c^rvinylpolysiloxanes. unsaturated polysiloxane - poly- 
I5r^ TtESlZL* atoms'per molecule which are preferably tris..oxanes, and a competing add.- 
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tive. Suitable compatibilizing additives include (a) substances with solubility parameters in the range of 13-17 MPa 1/2 , 
such as isopropyl palmitate; (b) polysiloxane - polyether copolymers, preferably with no or low (< 30 wt%) ethylene 
oxide and high (> 80 wt%) content of propylene oxide, butylene oxide, or both, in the polyether segments; and (c) 
hydrophilic and/or hydrophobic fillers, preferably silicas, of surface area greater than 100 square meters per gram and 
5 median particle size smaller than about 20 nanometers. The permanently hydrophilic, rapidly wettable polysiloxane 
compositions yield static water contact angles < 50°, preferably < 40°, when measured in static mode, and by dynamic 
advancing contact angles of less than about 100 and preferably less than about 90°, when measured in dynamic mode. 

DETAILED DESCRIPTION OF THE INVENTION 

10 

The present invention provides storage stable blends of a, a>-divinylpolysiloxanes and unsaturated polysiloxane - 
polyether copolymers, which blends can be used as one part of a two-part addition cure polysiloxane composition. The 
instant invention teaches the use of additives to compatibilize the hydrophilic unsaturated polysiloxane - polyether 
copolymers and the hydrophobic a, co-divinylpolysiloxanes, or pendant vinyl polysiloxanes, to provide a storage-stable, 

is hydrophilic vinyl polysiloxane. The present invention provides permanently hydrophilic polysiloxane compositions for 
use in dental, medical, personal care and textile applications. These compositions also have advantages such as 
extended working time and pot life, fast cure at the vulcanization temperature, no bubble-derived surface defects, desir- 
able feel, taste, hardness, strength, elasticity and adhesion. 

This invention relates to polysiloxane gel, elastomeric and rubber compositions which exhibit permanent water wet- 

20 tability. Such compositions are used in dental, medical, cosmetic and textile applications. Typically, the ingredients used 
to prepare the polysiloxane composition are combined selectively in a two part formulation so that, prior to combination 
to form the final cured product, the SiH-containing crosslinker is segregated from the hydrosilylation catalyst. Mixing of 
the two parts, designated Part A and Part B, occurs just prior to curing. However, a two part formulation is neither nec- 
essary nor critical to the realization of the hydrophilic properties disclosed in the instant invention. 

25 Part A of the formulations of the instant invention is that which contains the SiH crosslinker and Part B is that which 
contains the hydrosilylation catalyst. Part B of the formulations additionally contains the unsaturated polysiloxane - pol- 
yether copolymers which impart permanent hydrophilicity to the cured polysiloxane compositions. Compatibilizing addi- 
tives are included in Part B to make it storage stable and prevent phase separation of its components. Since 
manufacture of the two part formulation and manufacture of the raw materials are typically done by different businesses 

30 at different locations, the compatibilizing and hydrophilizing agents advantageously are included in the polysiloxane raw 
materials to provide storage stable, hydrophilic blends. 
Part A includes 

1 . a polyorganohydridosiloxane crosslinker that contains at least three SiH bonds per molecule, 

35 

2. optionally, a polyorganohydridosiloxane chain extender with terminal SiH groups, 

3. a polydiorganosiloxane that contains at least two hydrosilylatable unsaturated hydrocarbon groups per molecule, 

40 4. optionally, a rheology modifier such as vaseline, or a polydiorganosiloxane free of silanol groups or unsaturated 
groups capable of being hydrosilylated, or inhibiting the hydrosilylating reaction, and 

5. optionally, temporary catalyst inhibitors, fillers, pigments, dyes, adhesion promoters and/or thixotropic additives. 
45 Part B includes 

1 . a polydiorganosiloxane that contains at least two hydrosilylatable unsaturated hydrocarbon groups per molecule, 

2. an effective amount of hydrosilylation catalyst, 

50 

3. a hydrophilic unsaturated siloxane - polyether copolymer as defined in copending EP Patent application 98 109 
372.7, filed May 22, 1998 (US priority 60/047,719 of May 27, 1997), in the names of Kenrick M. Lewis and Hua Yu, 
entitled "Siloxane-Polyether Copolymers With Unsaturated Functionalities, and Process for Making Them", which 
is hereby incorporated herein by reference, 

55 

4. a compatibilizing additive such as a hydrocarbon ester with solubility parameter, 6, = 13 - 1 7 MPa 1/2 , or a polysi- 
loxane - polyether copolymer wherein the polyether portion contains a preponderance of hydrophobic units such as 
propylene oxide and butytene oxide, or a hydrophobic or hydrophilic filler, preferably silica, with surface area greater 



3 



10 



15 



20 



25 



EP0 885 932A2 

than 100 square meters per gram and median particle size smaller than 20 nanometers. 

5 optionally, a rheology modifier such as vaseline, or a polydiorganosiloxane free of silanol groups or unsaturated 
groups capable of being hydrosilylated, or inhibiting the hydrosilylating reaction, and 

6. optionally, temporary catalyst inhibitors, fillers, pigments, dyes, adhesion promoters and/or thixotropic additives. 

The hydrosilylatable polydiorganosiloxane ((A) (3) and (B) (1)) has at least two unsaturated hydrocarbon groups 
per molecule. It may be represented by the formula 

Q' -SiRrO (SiR2-0)n (SiRR'O)™ -SiR 2 -R' 

is 0 to 1 0. This siloxane may be linear, branched or a star structure. 

Preferably the hydrosilylatable polydiorganosiloxane is a linear polyd.methylsiloxane that has a *V HW 
fl tJh2 lot tL Sicon atom at each chain terminus. Additionally, the hydrosilylatable polydiorganosiloxane can be a 
^ZS^oTrLi.^^ copolymer wherein the organo groups. R, as defined hereinabove. 

are not all the same. 

Some examples of hydrosilylatable polydiorganosiloxane include the following. 

R , -Si(CH3) 2 -0-[Si(CH3)2-0]h-(SiArCH3-0) j -Si(CH3) 2 R , 

R'-SiCH3ArO-[Si(CH,> ! -0] h -(SiCH3RrO) j -SiCH3Ar-R , 



30 



35 



40 



in which Ft' has the same meaning as defined hereinabove. Ar is an aryl group such as phenyl. * B *"2S 
group such as lor example, trtfluoropropyl. The subscripts h and j can be positive numbers. Their sum is typically 

rZ^hel bVrlfince ^ <*" be a »~* * pr0dUC f SUCh 

EXZSSSS ^"ll^eSJSTdSi «hat the polydiorganositoxane be substantially free 
%ZZ£££l SoH. Te silanol content should be less than 1 50 ppm and. preferably, less than 50 ppm 

"^e crossfinker (A) (1) can be a linear or branched polyorganohydridosiloxane that contains at east three S -H 
bond^ptfSS .pi number of Si-H bonds per molecule is the functionality of the crosslinker. In part.cu.ar. the 
45 crosslinker may be represented by the formulae 

R 3 Si-0-(SiR 2 -0) x (RSiH-0) y -SiR 3 ; or 

Si[0(SiR2-0) f SiR2H] 4 ; or 

50 

R3Si-0-(SiR-0)c(SiR 2 -0)d(SiRH-0),-SiR3; 
55 (O-SiRz^SiRH-OVSiRj 
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or cyclic structures, (RSiHO) y and (R 2 SiO) x (RSiHO) yi such as (CH 3 SiHO) 4 and [(CH 3 )2SiO]3(CH 3 SiHO)3, or a polyhe- 
dral structure containing (HSiOi 5 ) subunits as disclosed in U.S. Patent No. 5,106,604 and in Journal of Materials 
Chemistry, 3(1993) 1319. R is a - C20 saturated group (preferably C-j - C 12 ). x is £ 0 (preferably between about 1 
and 100). y is at least 3, the sum of e and g is at least 3, and c, d, e, f, g are any positive numbers. Preferably f is 
5 between about 0 about 100. The Si-H bonds can be distributed in various ways along the polymer chain, including ran- 
dom distribution among internal and terminal positions. In part A, A(1) should be present at 0.05 to 0.5 gm/gm of the 
unsaturated siloxane A(3). 

Polyorganohydridosiloxanes (A) (2) with terminal SiH groups function as chain extenders. The person of ordinary 
skill in the art readily can determine the need for and the quantity of chain extender in a formulation. Examples of poly- 
10 organohydridosiloxanes, including some with terminal Si-H bonds, are the following: 

HSiR 2 -0(SiR2-0) x (R f SiH-0) y -R 2 SiH 

HSiArCH 3 <D[Si(CH3)2-0] x (CH3SiH-0) y -ArCH 3 SiH 

15 

R 3 Si-0[Si(CH 3 ) 2 -0] x (ArSiH-0) y -SiR 3 

R 3 Si-0(SiR2-O) x (RSi-O) c (RSiH-O) c -SiR 3 

20 s 

(0-SiR 2 )<RSiH-OVSiR 3 



25 

Si[OSi(CH 3 ) 2 H] 4 
Si[0(Si(CH 3 ) 2 0) x Si(CH 3 ) 2 H 4 

30 

in which R, R 1( and Ar have the same meanings as defined hereinabove. Subscripts x and f can be between about 1 
and about 1 00 and are, preferably, between about 1 5 and about 75. Subscript c is a positive number. In branched poly- 
organohydridosiloxanes, the sum of x and f is preferably between about 15 and about 75. The subscripts, e, y and g can 
be any positive numbers provided that the total of Si-H bonds per molecule is at least three. 

35 Although use of a single polyorganohydridosiloxane of uni modal molecular weight distribution and well-defined 
functionality for crosslinking is customary, blends of polyorganohydridosiloxanes of high and low functionalities and 
molecular weights can sometimes offer cured polysiloxane compositions with balanced strength, softness, elasticity 
and adhesion, as is readily determined by the person having ordinary skill in the art. 

Products satisfying the functionality and molecular weight requirements of the crosslinkers are well-known in the 

40 art and are available commercially. Syntheses of these products have been published in, for example, W. Noll, Chem- 
istry and Technology of Silicones. Academic Press, NY, 1968, which is incorporated herein by reference. 

The hydrosilylation catalyst (B) (2) can be a platinum group metal or a compound of such a metal. Further, it must 
be an addition cure hydrosilylation catalyst. Examples include platinum (II) and zerovalent platinum complexes, as well 
as colloidal platinum disclosed in U.S. Patent Nos. 4,273,902 and 4,288,345. The organometallic complexes of platinum 

45 with 1 ,3-divinyltetramethyldisiloxane and low molecular weight vinyl end-blocked organosiloxanes are preferred. These 
complexes are described in, for example, U.S. Patent Nos. 3,419,593; 3,516.946; 3,775.452; 30814,730; 4,782,101 and 
in Angewandte Chemie t International Ed, 30(1991) 438-440. Complexes with alkynes are described in, for example, 
U.S. Patent No. 4,631 ,310. B. Marciniec. Comprehensive Handbook on Hydrosilylation Pergamon Press, NY 1 992 pro- 
vides a comprehensive list of addition cure catalysts. Each of these references is incorporated herein by reference. 

50 Various temporary catalyst inhibitors optionally can be included in PART A and/or PART B to increase the storage 
stability and working time of the polysiloxane composition prior to curing. Acetylenic alcohols such as 2-methyl-3-butyn- 
2-ol are described for such purpose in U.S. Patent No. 3,445,420, cyclic methytvinylsiloxanes in U.S. Patent No. 
3,989,667, alkynyl siianes in U.S. Patent No. 4,472,562, conjugated enynes in U.S. Patent No. 4,472,563, and maleate 
esters in U.S. Patent No. 4,256,870. A listing of additional temporary inhibitors is published in B Marciniec, loc. c/r., p. 

55 190. Each of these references is incorporated herein by reference. Compounds with SiH 3 (primary silane) groups are 
disclosed as temporary catalyst inhibitors in U.S. Patent Nos. 5.223.344 and 5,534,609. These can be added to PART 
A, but should not be included in PART B. Both cited patents are incorporated herein by reference. 

Mixtures of work time extenders can be employed advantageously for improved performance and processing of the 
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curable polysiloxane composition, as known to the person having ordinary skill in the art. For m^ny£ 
closiloxanes, dialkylmaleates or alkynols can be used in PART B with the W^J^"^^ 
of ordinary skill would be awarehow best to optimize mixtures to obtain P"^^^^j£~J^ 
be desirable to combine diethylmaleate with the primary silane to obtain extended pot-life en hanced ad hwon £ sub- 
strate and shortened cure time at temperatures > 80'C. Longer cure times, extended pot-lrfe ^ «^ irihseon 
can be obtained with combinations of primary silanes and methylvinylcydos.loxanes. These condrt.ons may be des.ra- 
ble if the formulation must flow into and fill cavities at moderate temperatures prior to crosslinking. 

Polydiorganosiloxanes free of silanol groups or free of unsaturated groups capable of being hydrosilylated or inhib- 
iting the hydrosilylating reaction function as rheology modrf iers. This means that they influence *e processing, flow (vis- 
cosity), extension (elasticity), tension, dampening and deformation properties of the cured elastomer or & The 
magnitude of this influence depends both on the molecular weight of the polydiorganos.loxane and on its ^traton 
inthepolysiloxanecomposition. Preferably, the polydiorganosiloxane is fluid. misciWe with and unr^ct.ve with the ^ 
components of the formulation. In dental formulations, vaseline and other petroleum-based products are often used as 
rheology modifiers in place of the polydiorganosiloxanes. 

The crosslinking reactions between the SiH bonds in PART A and the unsaturated linkages in PART B are accom- 
panied by enormous changes in the rheology of the polysiloxane composition. Most notably increases occur ,n viscos- 
Z elasticity and modulus. The magnitude of the increases is determined by, among other variables (for example, 
firs), the crosslink density and the concentration of crosslinked polymer. Higher crosslink densrt.es > usual* are asso- 
ciated with high modulus, high viscosity and low elasticity. Conversely, low crosslink density typed* lead ^ the oppo- 
site of these properties. Elasticity is increased by a higher molecular weight between crosslinks. When the c-ossl.nk.ng 
Lotion is conducted in the presence of inert, plasticizing components such as the ^. or ^ l,0 ^ ne .^f^' 
the concentration of crosslinked, viscoelastic polymer in the siloxane composition is effectively reduced Control of pol- 
ymer concentration affords process control over the rheological properties of the elastomer* or gel prod ucL For exam- 
ple, increases in polymer concentration bring about increases of viscosity, dampening and ^^T^ 
molecular weight or viscosity of the polydiorganosiloxane rheology modrher will also increase the probably of «rtan 
glements between its molecular chains and those of the crosslinked. viscoelastic polymer. ^'^ increased entang ement 
?aLs the overall viscosrty of siloxane composrtion, improves its dampening ability and rts capacrty *'*urn tote ord- 
inal condition following deformation. Specific information on the interrelationships among rheological parameters and 
SiH/vinyl stoichiometry in dental formulations is available in J. R. Williams and R. G. Cra.g. Journal of Oar 
RehZtaln. 15 (1988) 639-650, and in W J. Finger, et a... Dental Materials, 2(1986) 179 - 186, which are .ncorpo- 

ra %!lydS 
resented by the formula 

R 3 Si-0(SiR2-O),-SiR 3 . or 
Si[(0-SiR2)(OSiR3]4; or 



40 



45 



50 



55 



R 3 Si-0(SiR2-0)x(SiR-0)-SiRj 
(0-SiR 2 >SiR3 

wherein R is a C^ saturated group (preferably. C, - C 12 ). f is between about 50 and about 2500 (preferably between 
about 100 and about 1500). andd and x have the same meanings as defined hereinabove. 

Optionally, reinforcing and non-reinforcing inorganic fillers and thixotropic additves can also be included m the 
composition. Reinforcing and non-reinforcing inorganic fillers are solids such as fumed silica. P™ 0 ^ «^££ y 
powdered quartz, calcium carbonate, talc, alumina, silicon nitride, aluminum nitr.de and trtan.um d,ox.de. Hydropho- 
bized fumed silica is preferred because it prevents crepe hardening in the stored polyorganosiloxane composrtion pr or 
to its curing. Blends of hydrophobized and hydrophilic silica also provide a safeguard again** ^cess've sohds setting 
in the stored material prior to curing. Some elastomers, especially elastomers that must b< > electrically ^ 
filied with finely powdered metal such as copper, silver, gold, or platinum particles. Such products are described hr iUA 
Patent Nos 41770.641; 5,037.312; and 5.074.799. which are incorporated herein by reference Specify th.xotropes 
that can be employed in conjunction with fumed silica and other f illers include the commercial products sold under the 
tradenames^^VLAR ULTRATHIX™, TROYTHIX™ XYZ and THIXCIN™. KEVLAR ULTRATHIX filler is a fibrous form 
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of pdy(p-phenyleneterephthalamide) manufactured and sold by DuPont as a thixotrope. TROYTHIX™ XYZ and THIX- 
CIN™ fillers are both triglycerides derived from glycerol and castor oil fatty acids. TROYTHIX is a trademark of Troy Cor- 
poration and THIXCIN is a trademark of Baker Castor Oil Co. Pigments and dyes can be added to color the gels and 
elastomers and to distinguish Parts A and B from each other. 

5 Fillers suitable for compounding dental impression materials, for example, the hydrophobized silicas of surface 
area greater than 50 square meters per gram available commercially as AEROSIL® (from Degussa) and CABOSIL® 
(from Cabot Corp.), are already disclosed and well-known. These fillers can account for 15 - 80 weight percent of dental 
formulations. Directions for their effective use are published in the manufacturer's product literature. Illustrative dental 
formulations or data showing the effect of fillers on the physical properties of silicone impression materials have been 

w reported, for example, in U.S. 4,782,101, U.S. 4,752,633. in R. G. Craig, Restorative Dental Materials. C. V. Moose- 
Comp., St. Louis, 1980, pp 195ff, and in W. J. Finger, Dental Materials, 4(1988) 33 - 37. 

The hydrophilic additives (B) (3) of the instant invention are linear, cyclic and branched unsaturated siloxane - pol- 
yether copolymers having 2 to 5 silicon atoms per molecule. Each copolymer has at least one polyether group and at 
least one aliphatic unsaturated group. These copolymers satisfy the general formulae: 

15 

LINEAR 

(A) R 1 -SiR 2 0(SiR 2 O) p -(SiR 2 Z-0) m -SiR 2 R 1 
20 (B) R 1 -SiR 2 0(SiR 2 -0)p-(SiR 2 Z-0) m -SiR 3 

(C) R 3 SiO(SiR 2 -0) p -(SiR 2 Z-0) m -(SiR 2 R 1 -0) q -SiR 3 

(D) R 1 -R 2 SiO(SiR 2 -0) p -(SiR 2 Z-0) m -(SiR 2 R 1 -0) q -SiR 3 

25 

(E) R 1 -R 2 Si0(SiR 2 -O) p -(SiR 2 Z-O) m -(SiR 2 R 1 -0) q -SiR 2 R 1 

(F) Z-SiR 2 0(SiR 2 -0) p -(SiR 2 R 1 -0) q -SiR 2 R 1 

30 (G)[Z-SiR 2 0(SiR 2 -0)pI r (SiR 2 -0)-(SiR 2 R 1 -0) q -SiR 2 R 1 
CYCLIC 

(H) (R 2 Si-0) p -(SiR 2 Z-0) m -(SiR 2 R 1 0) q 

35 

BRANCHED 

(I) R 1 Si[(0-SiR 2 ) p -Z] 3 

(J) RSi[(0-SiR 2 R 1 ) q -(0-SiR 2 ) p -Z]3 
40 (K)[R 1 SiR 2 0(SiR 2 -0) p ] v -(Si0 2 )[(0-SiR 2 R 1 ) q (0-SiR 2 Z)J 4 . v 

wherein R is a - C^, preferably Cj - C 12 , saturated, monovalent organic group. Illustrative of the saturated monova- 
lent groups represented by R are the alkyl groups (for example, methyl, ethyl, isopropyl, octyl and dodecyl groups), the 
aryl groups (for example, the phenyl and naphthyl groups), the alkaryl groups (for example, the tolyl and nonylphenyl 

45 groups), the araalkyl groups (for example, the benzyl and phenethyl groups) and the cycloalkyl groups (for example, the 
cyclopentyl and cyclohexyl groups). R may also be a functionalized organic group such as the chloropropyl, heptafluor- 
oisopropyl. and cyanoethyl groups. 

R 1 is a Ci - C^, preferably Ci - C 12 , unsaturated monovalent organic group that can be hydrosilylated to yield sil- 
icon - carbon bonds. Illustrative of the unsaturated groups represented by R 1 are the alkenyl groups (for example, the 

so vinyl, allyl, methallyl, vinylcyclohexanyl, and, the alkynyl groups (for example, the acetylenic and the propargyl). 

The groups R 2 may be the same as R or as R 1 . Thus, for example, they provide for the presence of methyl and vinyl 
groups on the same silicon atom, or for the existence of geminal divinyl substitution. 

Values of m, p, q, r and v are chosen such that the total number of silicon atoms per molecule is 2 to 5 inclusive 
with the proviso that there is at least one Z and at least one R 1 per molecule. R and v ave values from 0 to 1 , 3 £ m > 

55 0, and 0 < q and p <, 3. More preferably, this a vinyl endblocked siloxane, with p = 0 and R is methyl, most preferably a 
trisiloxane. 

Z is a polyether-containing group that is linked to the polysiloxane block by a silicon-carbon bond. Z has general 
formula of the type, 
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-CxH^OCCH^bR" and -CxH 2 xOG[(C 4 H 2a O) b R , ']z 

5 wherein x is an integer in the range 1 - 20, and is preferably 2 - 8. The subscript, a, is an integer having a value greater 
than or equal to 2 Preferred values of a are 2. 3, and 4. Illustrative of the oxyaikylene groups in the polyether portion of 
the copolymer are the oxyethylene, the oxy-1 ,2-propylene, oxy-1 ,2-butylene, oxy-2,2-dimethyl-1,3-propylene groups 
and the like. The polyether portion of the copolymer may contain oxyaikylene units of more than one type. For optimum 
hydrophilictty. it is desirable that at least 40 weight percent, and preferably at least 50 weight percent, of the oxyaikylene 

10 groups be oxyethylene groups. The subscript, b, is a positive number that is preferably in the range, 3-12. 

G is a polyhydroxy group capable of being alkoxylated. The subscript, z t represents the number of alkoxylated 
hydroxyl groups. Examples of G are alkylene glycols, alkyne glycols, glycerol, pentaerythritol, hydroquinone, trimethyl- 
olpropane, sorbitol, glucose and sucrose. 

FT is hydrogen or a polyether capping group such as an alkyl group of 1 - 8 carbon atoms, or an acyl group of 1 - 

75 8 carbon atoms, or a vinyl ether or an organosilyl group. Alkyl groups exemplifying FT are methyl, tertiary butyl and 2- 
ethylhexyl. Examples of acyl capping groups are acetoxy, acetoacetoxy. acryloxy, methacryloxy and benzoyl. Organos- 
ilyl capping groups comprise the saturated trialkylsilyl groups such as trimethylsilyl, triethyl, ethylisopropyl, thacyldime- 
thyl t-butyldimethyl, t-butyldiphenyl. the unsaturated capping groups such as the vinyldimethyl, divinyloctyl, 
ethynyldimethyl and propynyldim ethyl. Examples of vinyl ether end groups comprise dihydropyranyl and vinyloxyethoxy 

20 (H 2 C=CH-0-CH 2 CH 2 0-). Owing to the variable efficiency of polyether capping reactions, uncapped polyether mole- 
cules are likely to be present during the hydrosilylation synthesis of the polysiloxane - polyether copolymer starting 
material. Accordingly, nominally capped copolymer products may also contain uncapped polysiloxane - polyether copol- 
ymers. 

Specific examples of the inventive structures are 

25 

H 2 C=CHSi(CH3) 2 -0-Si(CH3)Z-0-Si(CH 3 ) 2 CH=CH 2 ; 
H 2 C=CHSi(CH3)2-0-Si(CH3)Z-0-Si(CH 3 )3; 
30 H 2 C=CHSi(CH3)2-0-Si(CH3)Z-0-Si(CH3) 2 CH=CH 2 ; 

H 2 C=CHSi(CH 3 ) 2 -0-[Si(CH 3 ) 2 0] r [Si(CH3)Z-0]-Si(CH3) 2 CH=CH 2 ; 
H 2 C=CHSi(CH 3 ) 2 -0-[Si(CH 3 ) 2 0] -[Si(CH 3 )Z-0] 2 -Si(CH 3 ) 2 CH=:CH 2 ; and 

35 

Z=-(CH 2 ) 3 0(C 2 H 4 0) 7 .5CH 3 or -(CH 2 )30(C 2 H 4 0)5(C 3 H 6 0) 2 H or -(CH 2 ) 3 0(C 2 H 4 0) 3 CH3 
or HO(C 2 H40)(CH 2 C=CHCH2)(OC2H4)OH 



45 



A method for the synthesis of the said unsaturated polysiloxane - polyether copolymers of controlled unsaturate 
content includes the following steps: (a) combining polysiloxane - polyether copolymers and an alkenyl or alkynyl silane 
or siloxane. capable of undergoing addition or redistribution reactions with the copolymers in an amount sufficient to 
achieve the desirable degree of alkenyl or alkynyl substitution to form a first mixture, (b) adding to the first mixture of 
reagents a catalytically effective amount of a basic catalyst to form a reaction mixture; and (c) heating the reaction mix- 

so ture 0 

These polysiloxane - polyether copolymer is synthesized, for example by hydrosilylation as described in U.S. Pat- 
ents Nos. 3,299,1 12, 4,847,398, 4,857,583, 5,191 ,103 or 5,159,096, all of which are hereby incorporated by reference. 
The hydrosilylation product can contain the copolymer, bound and free platinum, unreacted polyether and reaction 
byproducts such as acetals and propanal. In the second step, this hydrosilylation product is reacted with linear and/or 

55 cyclic siloxanes and silanes bearing unsaturated groups bonded to silicon (for example, [HgC^HSiCCh^O or 
[H 2 C=CHSi(CH 3 )0] 3 . 2 5 . or (H 2 C=CH) x Si[OSi(CH 3 )3]4-*. (H 2 C=CH) x Si(0C 2 H 4 0CH 3 )4. x , x = 1, 2, or 3 so that either a 
redistribution of saturated and unsaturated groups occurs, or siloxane segments bearing unsaturated groups become 
incorporated into the polysiloxane blocks of the polysiloxane - polyether copolymers. 
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Redistribution or ring opening is accomplished in the presence of basic catalysts such as KQH, CsOH, Ca(OH) 2 , 
(CH 3 ) 4 N + OSi(CH 3 ) 3 , (CH 3 ) 4 N + -[OSi(CH 3 ) 2 ] s -N(CH 3 ) 4 (s = 4 - 100) and K + OSi(CH 3 ) 3 at temperatures up to about 
200°C, preferably up to about 150°C. Catalysts containing the tetramethyl ammonium cation, or another tetra alkyl 
ammonium cation, are preferred because they are readily destroyed by heat at the end of the reaction. The reaction 
mixture is stripped in vacuo to remove unreacted alkenyl siloxane and volatile by-products. A complete disclosure of the 
synthesis of the instant hydrophilic additives is given in copending EP Patent application 98 109 372.7, filed May 22, 
1998 (US priority 60/047,719 of May 27, 1997), in the names of Kenrick M. Lewis and Hua Yu, entitled "Siloxane-Poly- 
ether Copolymers With Unsaturated Functionalities, and Process for Making Them", which is hereby incorporated 
herein by reference. 

The presence of bound and free platinum in the hydrophilic, unsaturated polysiloxane • polyether copolymer prod- 
ucts mitigates against inclusion of this additive in PART A of the formulation, if long storage stability is desired. Labora- 
tory tests performed with the hydrophilic additives in PART A showed storage and performance stability for at least one 
month. However, even when present at very low part per million levels, platinum has the potential to catalyze premature 
addition of SiH and hydrosilylatable unsaturated groups, or catalyze other reactions leading to hydrogen formation in 
PART A. Accordingly, the hydrophilic, unsaturated polysiloxane - polyether copolymer products of the instant invention 
are included in PART B to assure maximum storage and performance stability. 

Since they contain fewer than 5 silicon atoms, the hydrophilic, unsaturated polysiloxane - polyether copolymers of 
this invention generally are not miscible with the hydrosilylatable polydiorganosiloxanes comprising the addition cure 
formulation. Miscibility and homogeneity in PART B, and/or in blends of hydrophilic, unsaturated polysiloxane - poly- 
ether copolymer with hydrosilylatable polydiorganosiloxanes, are desirable if the formulation and raw materials are to 
be storage stable and consistently good in their performance and processing over time. These are achieved by the use 
of one or more compatibilizing agents (B) (4) selected from the following groups. 

1. a compatibilizing additive such as a hydrocarbon ester with solubility parameter, 5, = 13 - 17 MPa 1/2 , 

2. or a polysiloxane - polyether copolymer wherein the polyether portion contains a preponderance of hydrophobic 
units such as propylene oxide and butylene oxide, 

3. or hydrophobic or hydrophilic fillers, preferably silicas, of surface area greater than 100 square meters per gram 
and median particle size less than 20 nanometers. 

It is an objective of the instant invention that the compatibilizing agents be used in sufficient quantity to effect homo- 
geneity of the hydrophilic, unsaturated polysiloxane - polyether copolymers and the hydrosilylatable polydiorganosi- 
loxane in PART B. The compatibilizing agents must not have a deleterious effect on processing or properties of the 
cured polysiloxane composition. Properties of interest to compositions used in dental, medical, cosmetic, personal care 
and textile applications include storage stability, working time, pot life, cure time, hydrophilicity, hardness (softness), 
dimensional change with temperature, tear strength, tensile strength, elasticity, adhesion, surface appearance, feel and 
consistently good performance over time. All of these terms are familiar to those of average skill in the art of formulating 
and applying addition cure polysiloxane compositions. 

Solubility parameters, 8, indicate the cohesive energy densities of materials and afford predictions about the mis- 
cibility of different materials. A material with a high 8 value requires more energy for dispersal than is gained by mixing 
it with a material of lower 8 value, so immiscibility or phase separation results. Two materials of similar 8 value gain suf- 
ficient energy on mutual dispersion to permit homogeneous mixing. In SI units, 8 is expressed as the square root of 
megapascals (MPa 1/2 ). Values of solubility parameters for a wide variety of materials are tabulated in A. F. M. Barton, 
Handbook of Solubility Parameters and Other Cohesion Parameters. CRC Press, Boca Raton, Fl_ 1991. 

The hydrocarbon esters suitable for use as compatibilizers have solubility parameters in the range, 8 = 13 - 17 
MPa 172 , and general formulae. R 3 (COOR 4 ) k , or R 3 COO(C a H 2a O) b OCR 3 wherein R 3 is a mono, di, tri or polyvalent 
hydrocarbon radical derived from a carboxylic acid. R 3 can be a straight or branched alkyl, aryl, alkaryl or cydoaliphatic 
group of valency equal to the number, k, of ester functional groups. Examples of R 3 include C 12 H 25 , C^H^, C 15 H 31 , 
C 16 H 33. adipyl, azelayl, cyclohexanediyl and other radicals derived from natural and synthetic fatty acids. R 4 is a mono- 
valent hydrocarbon radical derived from an alcohol. Examples of R 4 are methyl, isopropyl, neopentyl, octyl. cyclohexyl, 
lauryl and stearyl. The numbers a and b have the same meanings as have been defined hereinabove for oxyalkylenes. 
Only those satisfying 8 = 13- 17 MPa 1/2 give storage and performance stable blends of hydrophilic, unsaturated polysi- 
loxane - polyether copolymers with the hydrosilylatable polydiorganosiloxanes, and/or storage and performance stable 
PART B compositions. Examples of preferred esters are isopropyl palmitate, isopropyl myristate and dibutyl sebacate. 

Mixtures of the hydrocarbon esters, hydrosilylatable polydiorganosiloxanes and hydrophilic, unsaturated polysi- 
loxane - polyethercopolymers (PART B) can be made in a number of different ways. For example, the hydrosilylatable 
polydiorganosiloxanes can comprise the majority (about 50 - 75 weight percent) of the blend, the hydrocarbon ester can 
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comprise about 5 - 30 weight percent and the hydrophilic, unsaturated polysiloxane - polyether copolymers about 1 - 20 
weight percent. Alternatively, the hydrocarbon ester can be the major component (about 50 - 75 weight percent) of the 
blend depending on the specific application. 

Polysiloxane - polyether copolymers wherein the polyether portion of the molecule contains greater than 80 weight 

5 percent, preferably 100 weight percent hydrophobic oxyalkylene units such as propylene oxide and butylene oxide, are 
effective compatibilizers in the context of the instant invention. TTiese well-known copolymers, whose synthesis is dis- 
closed for example in U.S. Patents Nos. 3,209,1 12, 3,507,815, 4,847,398 and 5,191 ,103, do not usually contain hydros- 
ilylatable unsaturated groups. Such groups can be present, but are not required, for the compatibilization function 
disclosed in the instant invention. When they are present, care must be taken to ensure that concentration of unsatu- 

10 rated groups does not inhibit the noble-metal catalyzed addition cure reaction to a greater extent than is required or 
desired for the application of interest. 

Compatibilizing copolymers can have general structures such as, MD x D* y M, M*D X D* y M, M*D x D* y M* and M*D X M*, 
wherein M = R 3 Si0 1/2 , D = R 2 SiO, D* = RSiOZ', M* = R 2 Z , Si0 1/2 and R and Z have the same meanings as hereinabove 
defined for the siloxane structures, x is 1 to 100 and y is 1 to 20. The polyethers, Z\ of the compatibilizing agents pref- 

15 erably have no or low (< 30 wt%) ethylene oxide and high (> 80 wt%) propylene oxide or butylene oxide content. This 
is desirable for maximum long term miscibility of hydrosilylatable polydiorganosiloxanes and hydrophilic additives con- 
taining fewer than 10 silicon atoms per molecule. However, there are examples in which miscibility was achieved with 
compatibilizing copolymers having only ethylene oxide segments in the polyether. It should also be mentioned that the 
compatibilizing copolymers are not required to impart permanent or semipermanent hydrophilicity. Moreover, it will be 

20 illustrated by experiment that cured polysiloxane compositions containing the inventive hydrophilic additives and com- 
patibilizing agents exhibit permanent hydrophilicity, whereas it is known from U.S. Patent No. 4,657,959 that the polysi- 
loxane - polyether copolymers of high ethylene oxide content impart only semipermanent hydrophilicity. 

Illustrative of the structures of the preferred compatibilizing agents of the instant invention are the following: 

25 CH 3 
I 

(CH 3 ) 3 SiO-Sj-OSi(CHj)3 
30 z > z , --(CH 2 )30(C 3 H 6 0)i. 8 H or -(CH 2 ) 3 0(C 2 H40)(C 3 H60) 3 H 

CH 3 CH 3 
I I 

35 (CH 3 ) 3 SiO(.Si-0) 2r (Si-0) 3 -Si(CH 3 ) 3 

CH 3 V Z' - -(CH 2 ) 3 0(C 2 H40) 3 (C 4 H 9 0)4H 
40 or -(CH 2 ) 3 0(C 2 H 4 0) 8 (C 3 H 6 0) 2 5H 



The selection of compatibilizing copolymer and its concentration which effectively affords storage stable miscibility 
45 depend principally on the structures and quantities of the hydrosilylatable polydiorganosiloxane and the hydrophilic, 
unsaturated polysiloxane - polyether copolymer to be mixed. For example, trisiloxane compatibilizers appear to be opti- 
mum for the hydrophilic, unsaturated trisiloxane copolymers. Higher oligomeric compatibilizers may be more effective 
for hydrophilic additives containing up to nine silicon atoms. It is preferable to keep the usage of the compatibilizing 
copolymer below 30 weight percent of the mixture, and most preferably at 0.1 - 1 0 weight percent. However, as with the 
50 hydrocarbon ester compatibilizers. situations can arise in which it will be advantageous to use mixtures wherein the 
compatibilizing copolymer comprises the majority of the blend of hydrosilylatable polydiorganosiloxanes and 
hydrophilic, unsaturated polysiloxane - polyether copolymers. 

Hydrophobic or hydrophilic fillers, preferably silicas, of surface area greater than 100 square meters per gram and 
median particle size less than 20 nanometers are also effective compatibilizing agents in the context of this invention. 
55 High surface area and small particle size facilitate use of minimal weights of these compatibilizers and the incorporation 
of maximal quantities of the hydrophilic, unsaturated copolymers. Minimal usage is also important if the viscosity of the 
mixtures must be kept manageable and appropriate for mixing of the two part formulation. Thus, in contrast to the 15 - 
80 weight percent quartz flour, calcium carbonate and/or other hydrophobic reinforcing filler typically used in dental and 
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high durometer silicone formulations, the compatibilizing fillers of this invention are preferably hydrophilic silicas used 
at 0.5-10 weight percent in the mixtures of hydrophilic, unsaturated copolymer and hydrosilylatable polydiorganosi- 
loxane. Hydrophilic silicas such as AEROSIL®200, AEROSIL®300, Silica FK 160 and Silica FK 320 DS produced by 
Degussa are preferred compatibilizing fillers. 

Of course, applications can arise in which compatibilizing filler concentrations higher than those designated above 
as preferable can be beneficial These instances also fall within the scope of this invention if the composition comprises 
fillers of surface area greater than 100 square meters per gram and median particle size less than 20 nanometers, 
hydrophilic, unsaturated polysiloxane - polyether copolymers and hydrosilylatable polydiorganosiloxane. There may 
also be advantage to compounding the compatibilizing filler and hydrophilic, unsaturated polysiloxane - polyether copol- 
ymers separately as a grease or dough, or coating the surfaces of the compatibilizing and reinforcing fillers with the 
hydrophilic, unsaturated polysiloxane - polyether copolymers for subsequent dispersal of the grease, dough or coated 
solids in the hydrosilylatable polydiorganosiloxanes and manufacture of a PART B composition. Combinations of the 
various compatibilizing agents can also be advantageous in some applications. All of these alternatives fall within the 
purview of the instant invention. 

Hydrophilicity typically is determined by measuring the contact angle of a water drop on the surface of interest (see 
w - Noll, Chemistry and Technology of Silicones , Academic Press, NY, 1968, pp 447 - 452). A value less than about 60° 
after 2 - 3 minutes wetting time denotes a hydrophilic surface. It is well known (W. Noll, loc. cit) in the art that unmodi- 
fied polysiloxane surfaces are very hydrophobic and yield equilibrium static water contact angles greater than about 
80°. Commercially available hydrophilic dental impression materials yield equilibrium values in the range of 40 - 60° 
when cured. However, these hydrophilic values increase to the hydrophobic range following washing and/or disinfection 
of the dental impression. The unsaturated polysiloxane - polyether copolymers of the instant invention confer perma- 
nent hydrophilicity to cured polysiloxane compositions; this permanent hydrophilicity is characterized by static water 
contact angles that are less than the state-of-the-art 50 ± 10° before and after washing and/or disinfection and by 
advancing contact angles < about 90°. 

The contact angle is a thermodynamic quantity and should have a unique value for a particular system under spec- 
ified conditions. However, hysteresis is often found (see CA Miller and P. Neogi. Interfacial Phenomena. Marcel 
Dekker, NY, NY, 1985, pp. 67-83) in contact angle measurements depending on the direction of movement of the inter- 
face relative to its interacting surface. When an interface advances along a fresh surface, the advancing contact angle 
(typically designated 8a) is larger than the receding contact angle (typically designated 6r). In general, e A £ e £ 0 R . 
Advancing and receding angles may differ by as many as 60 degrees. e A for water in contact with silicones is greater 
than 120 degrees. For measurements made on fresh surfaces under dynamic conditions, hydrophilicity is indicated by 
8 A less than about 100 degrees. 

EXAMPLES 

The following illustrative examples describe the instant invention in more detail. They are not intended to limit the 
scope of the specification and the claims. 

Abbreviations used in the description of the illustrative examples are defined in the following table. 



ABBREVIATION 


MEANING 


ABBREVIATION 


MEANING 


M 


(CH 3 ) 3 SiO iy2 


EO 


ethylene oxide 


D 


(CH3)2Si02/2 


PO 


propylene oxide 


D' 


CHjSiHO^ 


BO 


butylene oxide 


M' 


(CH 3 ) 2 SiH0 1/2 


IPM 


isopropyl myristate 


M" 


H 2 C=CH(CH 3 ) 2 Si0 1/2 


IPP 


isopropyl palmitate 


gc/ms 


gas chromatography /mass 
spectrometry 


e 


water contact angle 


ICP 


inductively coupled plasma 
spectroscopy 


gc 


gas chromatography 


Qpc 


gel permeation chromatography 


MVC 


mixture of cyclic methylvinylsi- 
loxanes j 
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EXAMPLES 

MATERIALS 



Trimethylsiloxy terminated polysiloxane - polyether copolymers were prepared by hydrosilylation using the proce- 
dures ol the patents cited In the Table 1 . Copolymers A - E contain fewer than 1 0 silicon atoms per molecule. They were 
converted to unsaturated derivatives for imparting permanent hydrophilicity to polysiloxane compositions. Copolymers 
F - J were employed as compatibilizing agents. 



10 



15 



20 



25 



30 



35 



TABLE 1 



POLYSILOXANE - POLYETHER COPOLYMERS USED AS STARTING M 


ATERIALS I 


PRODUCT 


SILOXANE BACKBONE 


POLYETHER . 


SYNTHESIS METHOD 


A 


MD'M 


H 2 C=CHCH 2 (EO) 7 .50CH 3 


U.S. 3.299,112 


B 


MD'M 


H 2 C=CHCH 2 (EO) 55 (PO) 2 . 8 OH 


U.S. 5,191,103 


C 


MD 4 D'M 


H 2 C=CHCH 2 (EO) 3 .230CH 3 


U.S. 4,847,398 


D 


D 4 D' 


H 2 C=CHCH 2 (EO) 7 . 5 OCH 3 


U.S. 3,507,815 


E 


D 4 D' 


H 2 C=CHCH 2 (EO) 5 . 5 (PO) 2 . 8 OH 


U.S. 5,191,103 


F 


MD'M 


H 2 C=CHCH 2 (PO) 18 OH 


U.S. 4,847,398 


G 


MD'M 


H 2 C=CHCH 2 (PO) 2 . 5 OH 


U.S. 4,847,398 


H 


MD'M 


H 2 C=CHCH 2 (EO) 12 (PO) 3 OH 


U.S. 4,847,398 


I 


MD7D3M 


H 2 C=CHCH 2 (PO) 118 OC 4 H 9 


U.S. 4,847,398 


J 


MD22D3.2M 


H 2 C=CHCH 2 (EO) 7 . 5 OCH 3 


U.S. 3,507,815 



40 



45 



50 



55 



1 3-Divinyltetramethyldisiloxane (M*M*) was purchased from Gelest, Inc. A methylvinylcyclosiloxane mixture, 
[H 2 C=CH(CH 3 )SiO] q , q = 3 (4.3 wt%), q = 4 (76.54 wt%), q = 5 (17.68 wt%). q = 6 (1.4 wt%) was prepared by 
hydrolysis of H 2 C=CH(CH 3 )SiCI 2 . 

Cyclo(dimethylsiloxane-co-methylhydrogenosiloxanes) of the type D x D' y (x = 1 - 5. y= 1 - 4, x+ y < 8) were pre- 
pared by the acid-catalyzed equilibration of polydimethylsiloxanes and polymethylhydrogensiloxanes as described 
by Chang and Buese in Pnlvmer Preprints . 33 (1992) 160-161. 

IPM and IPP are commercial materials purchased from Aldrich Chemical Co., Inc. 

SILWET® L-77 is a siloxane - polyether copolymer with terminal trimethylsiloxy groups. 

V-2K is an a, ©-divinylpolydimethylsiloxane having 0.22 wt% vinyl and a viscosity of 2000 cSt at 25°C. 

V-200 is a a, o-divinytpolydimethylsiloxane with 0.7 wt% vinyl and a viscosity of 200 cSt at 25°C. 

V-XL is a crosslinker with SiH content 40 cc H 2 /g 

VCAT-RT is a platinum complex of 1 ,3-divinyltetramethyldisiloxane dissolved in 500 cSt silicone oil. Its Pt content is 
~2wt%. 

SILWET® L-77, V-2K, V-200, V-XL and VCAT-RT are all manufactured by the Organosili cones Group of Witco 
Corp. 

AEROSIL®200 AEROSlL®300 and AEROSIL® R-812 are silicas manufactured by Degussa. AEROSIL® 200 is 
hydrophilic, has' a surface area of 200 m 2 /g, median particle size ~ 8 nm and average particle size 12 nm. AERO- 
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SIL® 300 is also hydrophilic with surface area 300 rr^/g, median particle size - 6 nm and average particle size 7 
nm. AEROSIL® R-812 is hydrophobic, has surface area 260 m 2 /g, median particle size - 7 nm and average parti- 
cle size 7 nm. 

s BANICIDE®, a glutaraldeyhde-based, sterilizing disinfectant manufactured by Pascal Co. Inc., was used as the dis- 

infecting medium in accordance with the manufacturer's instructions. Disinfection time was overnight (~ 16 hr) in 
most cases and in others as long as 64 hr. Commercial dental impression formulations were mixed and cured as 
directed in the manufacturer's product literature. 

10 (CH 3 ) 4 N* "OSi(CH3)2[OSi(CH 3 )2]58Si{CH 3 ) 2 0- + N(CH 3 ) 4 (N-CAT) was prepared by charging 216 g [(CH 3 ) 2 SiO] 4 , 
18.1 g (CH 3 ) 4 NOH.5H 2 0 and 250 g toluene to three-necked 1 L round bottom flask fitted with a temperature-controlled 
heating mantle, mechanical stirrer, Claisen connection, water cooled Friedrich condenser, thermometer, and vacuum 
take-off line. The mixture was heated to 65 - 70°C at 100 - 200 torr to remove the water - toluene azeotrope. When no 
additional azeotrope distilled over, the water and toluene were separated and the weight of water (~ 8 g) recorded. The 

is vacuum was released, the temperature was lowered and another 100 g toluene added to the flask. Final stripping of 
residual water (~ 1 g) and all of the toluene was accomplished by heating to 90°C at 50 torr. The product is a viscous, 
hygroscopic liquid. 

GENERAL SYNTHESIS PROCEDURE 

20 

Equilibration and ring opening reactions were performed in a three-necked 500 ml_ round bottom flask fitted with a 
temperature-controlled heating mantle, mechanical stirrer, Claisen connection, water cooled Friedrich condenser, ther- 
mometer, and nitrogen sparge line. Weighed quantities of polysilbxane - polyether copolymer, vinylsiloxane and N-CAT 
were charged to the flask and the stirring contents heated to 90°C for 4 hours. The temperature was increased to 1 40°C 
25 for 1 hour to decompose N-CAT and the reaction mixture was later stripped in vacuo at 100°C/4 torr for 4 hours. Con- 
densate was collected, weighed and analyzed by gc and gc/ms. The stripped product was weighed and analyzed by 
13 C and 29 Si nmr, gpc and ICR It was used as a hydrophilic additive and as a silicone surfactant. 

EVALUATION OF HYDROPHILICITY 

30 

Hydrophilicity was evaluated by measuring the static water contact angle, as a function of time, on the surfaces of 
cured polysiloxane discs containing the unsaturated polysiloxane - polyether copolymers of this invention. Contact 
angles were also measured on control discs made without the inventive hydrophilic additives and on samples made 
from commercial compositions advertized as being hydrophilic. All measurements were made with a Ram§-Hart goni- 
35 ometer (Model 100 00 115). Standard deviations of the measured angles were ± 5°. 

Hydrophilicity was evaluated by measuring the water contact angle, as a function of time, on the surfaces of cured 
polysiloxane discs containing the unsaturated polysiloxane • polyether copolymers of this invention. Contact angles 
were also measured on control discs made without the inventive hydrophilic additives and on samples made from com- 
mercial compositions advertized as being hydrophilic. All measurements were made with a Ram§-Hart goniometer 
40 (Model 1 00 00 1 1 5). Standard deviations of the measured angles were ± 5°. 

Dynamic contact angle measurements were made with a Cahn DCA-3 15 dynamic contact angle analyzer. The two 
part formulation was mixed and applied to the glass plate of the analyzer. Measurements were taken while the formu- 
lation was curing. Calculation of the advancing and receding contact angles were made automatically by the analyzer 
software. 

45 

EXAMPLES 1-5 

Examples 1 - 5 illustrate the synthesis of vinyl-containing polysiloxane - polyether copolymers by the general pro- 
cedure described above. Reaction stoichiometry was varied as shown in Table 2 using the quantities of saturated 
so polysiloxane - polyether copolymers of Table 1 and 1,3-divinyltetramethyldisiloxane (M*M*). All reactions were run at 
85 - 90°C/4hr prior to catalyst decomposition and separation of volatiles. 
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TABLE 2 



SYNTHESIS OF VINYL-CONTAINING POLYSILOXANE - POLYETHER COPOLYMERS^ 



EXAMPLE 


PRODUCT, g (see Table 1) 


M vl M vl , g 


N-CAT, g 


STRIPPED PRODUCT, g 


1 


A, 120.9 


36 


0.5 


112 


2 I 


B, 132.6 


36 


0.5 


124 


3 


C. 67.7 


17.5 


0.1 


64.2 

____ 


4 


D. 98.4 


24 


0.4 




5 


E, 98.6 


21 


0.4 


100.2 



15 



20 



25 



30 



35 



40 



FXAMPLES 7 - 34 

Examples 7 - 34 illustrate the use of the three categories of compatibilizers to prepare homogeneous Wends of the 
hydro S unsaturated polysiloxane - polyether copolymers of Examples 1 and 2 w* « JJ^jBjJ gjjjj 
toxanes (V-2K). IPM and 1PP are representative of the hydrocarbon ^« ^""^J?!^ S ££££ 
AEROSIL®300 (A-300) are representative of the hydrophilic silica compatohzers and AEROSIL u R-8 2 » represen 
atte of !he h^h^i^compatibilizers. The copolymers F. H. I and J of Table 1 exemplify the po.ys.loxane - p* 

The SSnSSU samples 1 or 2 was added slowly (dropwise) under moderate sftmng a 
Sorpm lEng ^continued for; anomer 30 min after the addrtion was completed. Samples were left und.s^ 
rolTmSrH^nspected for phase separation periodically. The experimental results are summarized .n Table * 

SS vSSie hydrophilic. unsaturated trisi.oxane copolymers prepared in Examp.es 1 and 2 were 
immSe Table 4 shows that the various compatibilizers used effected stable miscibility of these mixtures 0 different 
ZZSZSSSZTZ and 20 - 21 show that 10 wt% IPP was required to keep 2 - 4 wt% of the hydroph.Lc ^nsatu- 
25 fu 2 homoqenized for two or more months. Phase separation was evfcient at shorter tomes with lower 
^SSS^S^^^- MiscibHrty was also realized with IPM (Example* 7 ■ - 9 and 19). but ,t was less 
durabl^en with the'use o/l5 wt% of the ester and 2 wt% of the hydrophilic. unsaturated Mw» 

Results of Examples 13 - 15 and 22 ■ 28 reveal that the high surface area hydroph.Hc s.hcas. AEROSIL 200 and 
AERO^IL®3M vvera very effective at compatibilizing mixtures of V-2K and the hydrophilic unsaturated MM. 
^poSers 1 -2 wk of these solids afforded more than three months stability in mixtures conta,n,ng up t ,10 tns- 
ZSuresTee Examples 16 and 29) containing 4 w«% hydroph^un^turated trisHoxane ,n V-2K were stab.- 
lized for up to three weeks with 2 wt% of the hydrophobic silica. Aeros.rR-81 2. „ „. w -„h 

Cooo^mers F H I and J were also not equally effective in providing storage stab.l.ty of the m.xtures of V-2K and 
the SSSZ unsaiu raS trisiloxane copolymers. Copolymer F in which the polyether was an uncapped fjo^ene 
oxWe Sence gave mixtures (Examples 17 and 30 - 32) that were stable for more than three months. 10 wf% of 
Copolymer F solubilized 4 wt% of the trisiloxanes in V-2K. 
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COMPATIBILIZATION OF HYDROPHILIC UNSATURATED COPOLYMERS AND a, a-DMNYL- 

POLYDIMETHYLSILOXANE (V-2K) 



EXAMPLE 


HYDROPHILIC ADDITIVE 


COMPAT1BILIZER, 


v-2K,g 


RESULTS 


7 


Ex.1. 2 g 


IPM,6g 


92 




8 


Ex.1, 2 g 


IPM, 10 g 


88 


stable 4 days 


9 


Ex.1, 2 g 


IPM, 15 g 


83 


stable 4 days 


10 


Ex.1, 2 g 


IPP, 6 g 


92 


stable 3 weeks 


11 


Ex.1, 2 g 


IPP, 10 g 


88 


stable > 2 months 


12 


Ex.1, 4 g 


IPP, 10 g 


86 


stable 1 month 
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TABLE 4 (continued) 



COWIPATIBILIZATION OF HYDROPHILIC UNSATURATED COPOLYMERS AND a, co-DIVINYL- 

POLYDIMETHYLSILOXANE (V-2K) 


EXAMPLE 


HYDROPHILIC ADDITIVE 


COMPATIBILIZER, 


V-2K.a 


RESULTS 


13 


Ex.1, 4 g 


A-200, 2 g 


94 


^tphlp ^ 10 mnnthc 

OIQUIC IU IIIUlllllO 


14 


Ex.1, 10 g 


A-200 2 a 




OlCtUIC .> IU IIIUlllllO 
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EXAMPLES 35-39 

40 

Examples 35 - 39 illustrate the preparation of two-part formulations, wherein PART B comprises a homogeneous 
blend containing a hydrophilic, unsaturated polysiloxane - polyether copolymer and a compatilizing agent such as a 
hydrocarbon ester, a hydrophobic or hydrophilic silica of surface area greater than 100 square meters per gram and of 
median particle size less than 20 nanometers, or a polysiloxane - polyether copolymer wherein the polyether contains 

45 greater than 80 weight percent hydrophobic oxyalkylene units. 

The five separate PART B compositions are described in Table 5. The mixtures were prepared by the same method 
used in Examples 7 - 34 above. They were all still fully homogeneous when cured separately (see Examples 40 - 44) 
with PART A after storage at room temperature for the periods shown in Table 5. Cured samples were also prepared 
weekly during the course of the experiment. Static water contact angles on all five cured elastomers were < 20° and 

50 remained so within experimental error (± 3°) before and after disinfection in all cases. 
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TABLE 5 



PART B COMPOSITIONS CONTAINING COMPATIBILIZERS AND THE HYDROPHILIC 
UNSATURATED TRISILOXANE OF EX. 2 



INGREDIENT 


Ex. 35 


ex. o%> 


Py 17 

CAt Of 


Ex. 38 


Ex 39 


V-2K, wt% 


64.07 


an QQ 


Ot.OO 




64.07 [ 


V-200, wt% 


5.73 


7.ob 


7 


7.36 


5.73 




0.08 


0.11 


0.11 


0.11 


0.08 


MVC, wt% 


0.12 


0.15 


0.15 


0.15 


0.12 


IPP, wt% 


25.00 










Aerosil® R-812, wt% 




5.00 








Aerosil®200, wt% 






5.00 






Aerosil®300, wt% 








5.00 




Copolymer F, wt% 










25.00 


Trisiloxane, Ex.2, wt% 


5.00 


5.00 


5.00 


5.00 


5.00 


STABILITY 


> 2 months 


3 weeks 


> 10 months 


> 3 months | > 10 months 



EXAMPLES 40 - 44 

These examples illustrate the permanent hydrophilicity of the cured polysiloxane compositions prepared from the 
storage stable PART B compositions described in Examples 35 - 39. 

PART A of the formulation contained 86.8 wt% V-2K and 13.2 wt% V-XL. Cur.ng was done by mixing PART ^A and 
each PART B in a 1 .5:1 weight ratio, pouring the mixture into a cylindrical mold and heating the mold at 120 C for 15 - 
30 min. Water contact angle measurements were made versus time on the cooled, elastomeric d.sc before and after 
disinfection. The 3 minute values are set forth in Table 6. 



TABLE 6 

DURABLE HYDROPHILICITY OF CURED POLYSILOXANES MADE WITH 
HYDROPHILIC PART B COMPOSITIONS 



EXAMPLE 


PART B 


9, BEFORE DISINFEC- 
TION 


0, AFTER DISINFEC- 
TION 


40 


Example 35 


16° 


18° 




Example 36 


18° 


19° 


42 


Example 37 


16° 


18° 


43 


Example 38 


16° 


18° 


44 


Example 39 


15° 


17° 



The data of Table 6 show that the contact angles were essentially unchanged before and after disinfection. The low 
values of the contact angles indicate that the surfaces of the cured polysiloxane compositions were made very 
hydrophilic by the unsaturated trisiloxane copolymers prepared in Example 2. All samples showed < 0.05 vrf% weight 
change after disinfection indicating that surface wettability was not accompanied by subsequent water absorption. The 
results also show that PART B compositions comprising the compatibilizing agents and hydroph.hc additives of the 
instant invention and divinylpolysiloxanes are storage and performance stable. 
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EXAMPLES 45-47 

These Examples illustrate the hydrophilicity of polysiloxane compositions prepared with the unsaturated copolymer 
composition of Example 4. Both dynamic and static hydrophilicity are exemplified. 

Table 7 sets forth the two part unfilled polysiloxane formulation used to prepare the compositions tested in these 
examples. The two parts were mixed in the weight ratio, 1.5 parts A to 1.0 part B, along with the quantities of the 
hydrophilic additive of Example 4 and the mixture applied to glass plates used for the measurement of dynamic wetta- 
bility with the Cahn DCA-3 15 contact angle analyzer. Some of the remaining mixture was poured into a cylindrical mold 
and cured at 120°C for 1 5-30 min. The Rame-Hart goniometer was used to measure the two minute static water contact 
angles on a flat surface of the cured disc. Table 8 summarizes the experimental data. The percentages of hydrophilic , 
additive are based on the total weight of the composition. 



TABLE 7 



COMPOSITION OF UNFILLED, TWO PART FORMULATION 


INGREDIENT 


PART A,wt% 


PART B,wt% 


V-2K 


86.8 


91.53 


V-200 




8.18 


V-XL 


13.2 




VCAT-RT 




0.12 


MVC 




0.17 j 



In the absence of the hydrophilic additive (Example 45 of Table 8), the polysiloxane composition displayed classic 
hydrophobic surface behavior. The advancing dynamic contact angle, e A , and the two minute static contact angle were 
both > 1 00°. The compositions of Examples 46 and 47 contained £ 2 wt % of the hydrophilic additive of Example 5. They 
exhibited surface hydrophilicity and fast wettability. Advancing contact angles were < 100° and two minute static values 
were < 40°. 



TABLE 8 



HYDROPHILICITY OF POLYSILOXANE COMPOSITIONS CONTAINING THE ADDITIVE 

OF EXAMPLE 4 


EXAMPLE 


ADDITIVE, wt % 


e Al degrees 


e R , degrees 


Static Contact Angle, 
degrees 


45 


0 


113 


84 


105 


46 


2 


98 


73 


36 


47 


4 


84 


73 


10 



Claims 

1 . A composition comprising a first component comprising: 

(a) a polydiorganosiloxane that contains at least two hydrosilytatable unsaturated hydrocarbon groups per mol- 
ecule; 

(b) an effective amount of hydrosilylation catalyst; 

(c) a hydrophilic, unsaturated polysiloxane - polyether copolymer having from 2 to 5 silicon atoms, at least one 
aliphatic unsaturation and at least one polyether functionality; and 

(d) a compatibilizing additive. 

2. A compostion according to claim 1 wherein component (c) is selected from the group consisting of: 
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(A) R 1 -SiR 2 0(SiR 2 -0) p -(SiR 2 Z-0) m -SiR 2 R 1 

(B) R 1 -SiR 2 0(SiR 2 -0) p -(SiR 2 Z-0) m -SiR 3 

(C) R 3 SiO(SiR 2 -0) p -(SiR 2 Z-0) m -(SiR 2 R 1 -0) q -SiR 3 

(D) R 1 -R 2 SiO(SiR 2 -0) p -(SiR 2 Z-0) m -(SiR 2 R 1 -0) q -SiR 3 

(E) R 1 -R 2 SiO(SiR 2 -0) p -(SiR 2 Z-0) m -(SiR 2 R 1 -0) q -SiR 2 R 1 

(F) Z-SiR 2 0(SiR 2 -0) p -(SiR 2 R 1 -Oq-SiRaR 1 

(G) lZ-SiR 2 0(SiR 2 -0)p] r -(SiR 2 -0)-(SiR 2 R 1 -0) q -SiR 2 R 1 

(H) (R 2 Si-0) p -(SiR 2 Z-0) m -(SiR 2 R 1 -0) q 

(I) R 1 Si[(0-SiR 2 ) p -Z] 3 

(J) RSi[(0-SiR 2 R 1 ) q -(O-SiR 2 ) p -Z] 3 ; and 
(K) [R 1 SiR 2 0(SiR 2 -0)p] v -(Si0 2 )[(0-SiR 2 R 1 ) q (0-SiR 2 Z) J 4 . v 
u>* D «in r ie a r< • C-vi oreferably C, - Ci 2 . saturated, monovalent organic group; R 1 is a - Ca>. unsaturated 

carbon bond. 

3. A composition according to claim 2 wherein Z has general formula of the type. 

-C x H 2x O(C.H 2 ,0) k R" and -C x H 2x OG[(C.H 2 .0) b R"] I 

• nm » 1 onak an inteaer havina a value greater than or equal to 2, G is a polyhy- 

S S ol 1 - 8 «ton atoms, or an aol group ol 1 • 8 oa*on atoms, or a «* ether « an organosol 
group. 

4. A composition according to claim 3 wherein component (c) is selected from the group consisting of: 

H 2 C=CHSi(CH 3 ) 2 -0-Si(CH 3 )Z-0-Si(CH 3 ) 2 CH=CH 2 ; 

H 2 C=CHSi(CH 3 ) 2 -0-Si(CH 3 )Z-0-Si(CH 3 ) 3 ; 

H 2 C=CHSi(CH 3 ) 2 -0-Si(CH 3 )Z-0-Si(CH 3 ) 2 CH=CH 2 ; 

H 2 C=CHSi(CH 3 ) 2 -0-[Si(CH 3 ) 2 0] 2 -[Si(CH 3 )Z-0]-Si(CH 3 ) 2 CH=CH 2 ;and 

H 2 C=CHSi(CH 3 ) 2 -O-[Si(CH 3 ) 2 O]-[Si(CH 3 )Z-0] 2 -Si(CH 3 ) 2 CH=CH 2 ; wherein 

Z = -{CH 2 ) 3 0(C 2 H 4 0) 7 . 5 CH 3 or -(CH^CaH^CaHeOkH or -(CH^Ca^OhCHa 
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or HO(C 2 H40)(CH 2 C=CHCH2)(OC 2 H4)OH 



5. A composition according to claim 1 wherein the first component additionally comprises a rheology modifier. 

6. A composition according to claim 1 wherein the compatabilizing additive is selected from the group consisting of: a 
hydrocarbon ester with solubility parameter, 8, a 13 - 17 MPa 1/2 f or a polysiloxane - polyether copolymer, or a 
hydrophobic or hydrophilic filler with surface area greater than 100 square meters per gram and median particle 
size smaller than 20 nanometers. 

7. A composition according to claim 1 additionally comprising a separate, second part which comprises: 

(a) a polyorganohydridosiloxane crosslinker that contains at least three SiH bonds per molecule, and 

(b) a polydiorganosiloxane that contains at least two hydrosilylatable unsaturated hydrocarbon groups per mol- 
ecule. 

8. The reaction product according to claim 7 wherein the first and second components are combined and allowed to 
react 

9. A composition according to claim 7 wherein the second component additionally comprises a polyorganohydridosi- 
loxane chain extender with terminal SiH groups, 

1 0. The process of combining the first and second components of claim 7. 
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